AEE Oct. 19'42 



NATIONAL ADVISORY CDOMMiTTEE RP AERONAUTICS 



WARTIME REPORT 

ORidNALLY ISSUED 

October 19'+2 as 
Advance Eeporb 



WIND-TUKIJEL MTESTIGATTOR CF A PLAH AILERaJ ¥ITH VARIOUS 
TRAILIUG-EDGS MODIFICATICI'JS CK A TAPET^EB lOTG 
II - AILERONS VTITH THICKSNED MB BEVELED TRAILING SI3GES 
By F. M. Sogallo and Paul E . Purser 



Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 




WASHNGfTON 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution, 



L - 228 



NATIGWAL ADVISORY COMMITTEE FOR ASEONAUTICS 



W-IilD-TUNNBL INVESTIGATION OF A PI.AI.H AILERON WJTH TiiEIOUS 
0?RAILING^EPG1 MODIFICATIONS ON A TA?ERSP WIH& 
PI V, AlIiSEOIS WJfli WlOKSnW AID BSTSLBD JBAILIHG EDGES 
By F. M. EogalXo and Paul E. Purser 

SUMMiSy 



An investigation was mail 9 in the LMAL 7-^ by lO-foot 
tunnel of various modifications to the trailing edge of a 
0,155-chord plain aileron on a semispan model of the ta- 
pered wing of a fighter airplane. The modifications conr- 
sidered in the present report are various amounts of 
thickening and beveling of the aileron trailing edge to 
reduce stick force. The effect of a gap at the aileron 
nose was determined for the most projuising modifications, 

The stick force? and the rates of roll were estimated 
for a fighter airnlane with the plain and with some of the 
modified ailerons. 

The results of the tests and computations indicated 
that for the arrangement tested the use of beveled ailer- 
ons would reduce the high-speed stick forces to 60 per- 
cent or less of those experienced in the use of piain 
sealed ailerons and would tend to increase the effective 
dihedral and the damping in roll, with the stick free, 
The use of small amounts of thickening and 'beveling of 
the trailing edge also appears feasible to supplement 
the action of other types of balance in a final adjust- 
ment Of stiok forces. Although not directly comparable, 
the results of the computations are in qualitative agree- 
ment with unpublished results of flight tegts of an air- 
plane eq.uipp©d with beveled ailerons. The ill effects of 
a gap at the ailerpn n9se increased as. the thioteness of 
the beveled aileron wag increased and as the chord Of the 
bevel was decreased, 
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In view of the increased importance of obtaining ade- 
quate lateral control with reasonaTole stick forces under 
all flight conditions for high-speed airplanes, tbe HAOA 
hss engaged in an extensive program of lateral-control 
research. The purposes of this -orogram are to determine 
the characteristics of existing lat eral'^c ontrol devices, 
to determine the effects of various modifications to ex- 
isting devices, and to develop new devices that show 
promise of being more satisfactory than those now in use. 
The present tests were made to determine the effects of 
various amounts of trailing - edge thickening and beveling 
on the characteristics of a plain aileron, A theoretical 
discussion and some section data on similar modifications 
to a symmetrical airfoil and flap have beew presented in 
reference 1, 



APP4aATUS MS METHODS 
Test Installation 



A semis pan "Wing model was,, suspended in the/LMAli 7--' 
by XO-'foot tunnel (reference 2) as shown schejaaiica'lly 
in figure 1, The root chord of the model was adjacent to 
one of the vertical walls of the tunnel, the vertical wall 
thereby serving as a r'ef lection plane. The flow over a 
semlspan in this set-rup is essent.ial:ly the same as it 
would he over a complete wing in a 7'- hy 30^fOOt tunnel. 
Although a very small clearance was msintained between 
the root chord of the model and the tunnel wall, no part 
of the model was fastened to or in contact with the tun- 
nel wall. The model was suspended entirely from the bal" 
ahoe fraite, as shown in figure 1, in su'Oh a way that all 
the forces and moments acting on i.t might be determined. 
Provision ' was made for changing the angle of attack while 
the tunnel, was' in operation. 

Ihe ailerons were deflepted by means of a calibrated 
torque rod connecting tlie outboard end of the aileron, 
with a crank outside the tunnel wal,l and the hinge m-offiests 
were determined from the twist of the rod (Pig. !)» 



Models 



The tapeied-wing model used in these tests and In the 
tests of reference 3 was built to the plan form shown in 
figure 2 and represents the cross-hatched portion of the 
airplane shown in figure 3. The basic airfoil sections 
were of the HAOA 330 series tapering in thickness from ap- 
proximately 16^3 percent at the root to 6V4 percent at the 
tip. The basic chord of the wing was increased 0.3 inch 
at ever;"- spanwise station to reduce the trailing - edge 
thickness and the last few stations were refaired to give 
a smooth contour. Ordinates for the extended and refaired 
sections are given in ta^ble I. The details of the ailer- 
ons are shown in figure 4. The aileron sections were' 
thickened linearly from the nose arc to the trailing edge 
and were then "beveled syiaEiet r i cally and linearly to the 
trailing - edge thickness of the plain, aileron, The beveled 
portion of the aileron will hereinafter be referred to as 
the "bevel," The junctures between the ailerons and the 
bevels were left sharp for some tests and were rounded by 
arcs of various radii for other tests. 



Test Conditions 

All except one of the tests were made at a dynamic 
pressure of 9,21 pounds per square foot, which corresponds 
to a velocity of aTjout 60 miles per hour and to a test 
Reynolds number of ahout 1,540,000 based on the wing mean 
aerodynamic chord of 33. 65 inches, IPor comparison one 
test was made at a dynamic pressure of 16,37 pounds'per 
square foot, which corresponds to a velocity of about 80 
miles per hour and to a test Reynolds number of about 
g , 050 The corresponding effective Reynolds numbers 
for the two values of dynamic pressure were 3..,,3MQ.,tJQQP 
3,280,000 based on a turbulence factor of 1<>$ for 'the ' ' 
TjHXU" 7- by lO-'fOQt tunnel, The present tests were made 
at low scale, low velocity, and high turbulence relative 
to flight conditions to which the results are applied. 
The effects of these variables were not determined or 
estimated, 

HDSUiTS A,m D'lSOTJ^SIOlT 
Coefficients and Corrections 



The symbols used in the presentation of results are? 



lift coefficient ( X / q.-S ) 

uncorrected drag c'oefficient (D/qS) 

pitching- moment coefficient (M/qSc') 

rolling-moment coefficient (L'/qbS) 

yawing- moment coefficient (|f'/al)S) 

aileron hinge-moment coefficient (H/q.'ba,°^a^ ^ 

0-^ of up axlerow t Oj^ of down aileron 

actual wing chord at any gpanv/ise location 

chord of basic airfoil section at any spanwise 
location 

mean aerodynamic chord 

aileron ohord measured along airfoil, chord line 
from hinge axis of aileron to trailing edge of 
ail er on 

root- mean- square chord of aileron 

chord of beveled portion of aileron trailing edge 

radius of Junctura between TaeveX and aileron 

increase in aileron trailingredge thickness before 
beveling 

twice span of semispan model 

aileron span 

twice area of semispan model 
twice lift on semispan model 
twice drag on semispan model 

twice pitching moment of semispan model about 
support axis 

rolling moment, due tp aileroii deflection, about 
wind axis inpjlane of symmetry 
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yawing moment, due to aileron deflection, about wind 
axis in plane of symmetry' 

aileron hinge moment 

dynamic pressure of air stream uncorrected for 

blocking (gpV^j 
free- stream velocity 
indicated velocity 
angle of attack 

aileron deflection from neutral. Chat is, trailing 
edge on airfoil chord line; positive when trail- 
ing edge Is down 

controI»-sf Ick def lection 

rate of change of rolling- moment coeffiolent G -^.^ 
with helix angle • pTj/SV 

rate of roll . 

stick force 



A positive value of L' or Cj' corresponds to an 

increase in lift of the model, and a positive value Of 
N' or Gj^ * corresponds to a decrease in drag of the 

model. Twice the actual lift, drag, pitching moment, 
area, and span of the model were used in the reduction Of 
the results because the model represented half a complete 
wing. The drag coefficient and the angle of attack have 
been corrected only in accordance w i t ti the theory of 
trailing- vortex iiaages, 'Corr.esponding_ correcti o;7s were 
applied to tixe rolling- 'and y awingr-moiaent coefficients. 
No correction has been applied Lo the hinge-moment coef- 
ficients. No corrections have been applied to' any of the 
results for blocking, for the effects of the support 
strut, or for the treatment of the inboard end of the 
wing,' Chat is, the . small gap 'between the wing and the 
wall,' the leakage, through the wall around the support 
tube, and the 'boundary layer at the wall. These effeots 
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are probably of second- order importance for the rolling- 
and yawing-moment coefficients (which are basically in- 
cremental data) but may have more effect on the other 
forces and moments, particularly on the drag coefficients 
It is for this reason that the drag coefficients are re- 
ferred to as uncorrected, 



Characteristics with Ailerons Neutral 

The characteristics of the wing model with the vari- 
ous aileron? fixed at zero deflection are shown in figure 
5, The beveled trailing edg^s reduced the slope of the 
wing lift curve &Oi,/Sa from 0^076 to 0.070 per degree, 

reduced the maximum lift coefficient from 1,!?6 to 1.34, ■ 
and increased the minimum drag coefficient from about 
0.0110 to about 0,0115. The effect of the beveled trail- 
ing edges on the slope of the pitching- moment curve 
dOj^/dOj^ increased with bevel thickness; the thicker 

bevel changed the slope by about O.OX which corresponds 
to a forward shift of about O.Olo' in the aerodynamic 
center of the wing. 

The effects of the beveled, trailing edges on the 
characteristics of the model with ailerons neutral are in 
qualitative agreement with the effects reported in refer- 
ence 1, 



Aileron Characteristics 

Plain ailerons ,- The characteristics of the plain 

sealed and unsealed ailerons are presented in figure 6. 
A comparison of the increments between 6g^ » 15 and 

s -15° shows that the presence of a 0,005c gap at the 

aileron nose reduced the rolling— moment coefficient by 
about 16 percent and increased the hinge-moment coeffi- 
cient by ahout 12 percent^ the gaps had little effect on 
the slope of the hfnge-moment curve ^Oji/dS^ at small 

deflections. 

Beveled ailerons ." The characteristics of the various 
beveled ailerons are presented in figures 7 to 17, The 
first of the ailerons to be tested had. a 0,0?c increase 
in trailing - edge thickness hefore leveling and the chord 
of the bevel was O.SOcg,; the corners of the "bevel were 
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left sharp and the 0.005c gap at the aileron nose was left 
open. As shown in figure 7, the aileron vas considerably 
overbalanced for a deflection range .of ±4° near zero angle 
Of attack. The slope of the hinge-moment curve against 
angle of attack dOj^/5a was predominantly positive for 

negative aileron deflections and small positive deflec- 
tions and was predominantly negative for positive deflec- 
tions larger than 10°. The positive oQj^/da near neutral 

would tend to increase the effective dihedral and the 
damping in roll with the stick free but, under the same 
conditions, would magnify the acceleration in roll due to 
an asymroet ri c vertical giist. figures 8, 9, and 10 show 
that rounding the corners of the "ftevel and scaling the 
gap at aileron nose eliminated the overbalanced, tend- 

ency of the aileron. The effectiveness of the aileron 
increased as %he gap was reduced and as the bevel radius 
Was increased. 

Figure 11 shows the effect of scale on the aileron 
with the sealed ?ap and the thick short, bevel. The in- 
creased speed increased the balancing- tab action of the 
bevel as indicated by the reduction in both the hinge- 
moment and rolling-moiiient coefficients due to aileron 
deflection, 

4.n increase in the bevel- chord to an average of 
0,34cg^ decreased the balancing action of the bevel.; part 

of thie loss in 'balancing action was restored by building 
up the' trailing edge with wax until it was approximately 
halfway between the long and the short bevels, (See fig. 
13. ) 

The effects of the bevel radius and the gap at the 
aileron nose on an 'aileron with an increase in thickness 
Of 0,01c and a bevel, chord of 0,20ca are shown in fig- 
ures 13, 14, and 15, The overbalancing tendency and the 
effects of gap and bevel, radius on the over^balanoing 
tendency decreased, with the decrease in bevel thickness. 
For the aileron with a 0,20og^ bevel radius, a reduction 

in the gap at the aileron nose from 0,0050c to 0,0035c 
apparently eliminatad the overbalancing tendency, (See 
fig, 14.) An increase in the bevel length to an average 
of 0,34Ca reduced the balancing action of the bevel so 

much that no further tests were made on the thin aileron 
with the long bevel (fig, 16), 



CO 
C\J 

I 



8 



Comparative plots showing the effects of bevel chord 
and -'thickness on the characteristics of the beveled, ailer- 
ons are sbown in figure 17. An increase in the chord of 
the bevel 'or a dbcrease in its thickness reduced the over- 
'balancing tendency that the ailerons with gaps exhibited 
at small deflectiono but also reduced the deflection range 
over which the slope of the hinge-moment curve 50^-/d6g^ 

was appreciably less tlian that of the plain aileron, ^or 

the ailerons with sealed gaps, the same effects were noted 

except that the changes at small aileron deflections were 
less pronounced. 

The discrepancies between the check tests and the 
regular tests shown in figures 9(a) and 14(a) probably 
resulted from the aileron-wing installation having been 
completely dismantled and then reassembled, with some 
part s. replac ed , between the running of the two series of 
tests. The first series of tests included all those with 
sealed and 0.005c gaps and the second series included 
the sealed-gap check tests and the tests with 0,0025o 
and 0,0013c gaps. 

The tests showed larger effects due to the gap at 
the aileron nose than those shown 'by the tests reported 
in reference I. The larger gap effects nay have been due 
to the fact that the relative chord of the control surface 
of the present teats was much sJoaXler than that of the 
control surface of the tests reported, in reference 1. 



Estimated Rates of Roll and Stick Forces 

The rates of roll and the stick forces during steady 
rolling of the airplane of figure ,3 have been estimated 
from the data of figures 6, 8, 12, and 15. The rates Of 
roll were estimated by means of the relationship 

a = iiL (1) 

where the coefficient of damping in roll ^I'p taken, 

for the wing with plain ailerons, as 0.46 from the data 
of reference 4. For the beveled ailerons, the value of 
Q t was reduced to 0.435 because of the decrease in the 
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slope of the wing lift curve, dne to the beveled trailing 
edge. (See fig'. 5. )■, It has "be'en asftiiiied that the rudder 
will Tds' used to counteract the yawing moment and wing 
t%ist has been neglected. "The -stick for'cfes- were-' est iftiated 
from the relationship 



which may be derived from the aileron diicensions and the 
.following airplane characteristics: 

Wing area, sauare feet 3^0 

Span, feet 38 

'Paper ratio 1.67:1 

Airfoil section (130,510} EA.GA 330 series 

Mean aer odynaaiic chord, inches 84,14 

Weight, pounds 7063 

Wing loading, pounds per square foot 27.2 

Stick length, feet 2 

Maximum sticic deflection, 6g, degrees xSl 

The value of the constant in eauation (2) is dependent 
upon the wing loading, the size of the ailerons, and the 
length of the stick. The values of dS„/46g in equation 



(2) may be determined from the maximum sties deflection 
of ^21° and from the masimum aileron deflections noted on 
the figures of computed results; d8a,/<16s ^® assumed 
constant. The values of Oj' and ^C>^ used in eauations 

(1) and (2) are the values thought to exist during steady 
rolling; the difference in angle of attack of the two ai- 
lerons due to rolling has been taken into account. 

The results of the computations (fig. 18) indicated 

that the use of a beveled trailing edge would reduce the 
high-speed stick forces to apt)roximat ely 60 percent of 
those obtained from plain sealed ailerons for the same 
rolling effectiveness. These re?!ults, though not directly 
comparable, are in general agreement with unpublished re- 
sults of flight testa of an airplane equipped with beveled 
ailerons , 



The effect of steady rolling on the high~speed stick 
forces is shown in figure 19 for the plain aileron and 
for- one of the 'beveled ailerons. Rolling reduced the 
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maximum high-speed stick force by about 6 pounds for the 
plain ailerons because of the negative value of dOjj/3<3&» 

For the beveled aileron, the value of dCj^/da was posi" 

tive at the high-speed attitude, and rolling therefore 
increased the maximum high-speed stick force by about 3 
pounds. The increase in stick force at Xow deflections 
due to rolling was enough to eliminate the overbalance in 
the stick- force curve that was computed for the static 
state. 

The positive value of 3Gj^/da for the beveled ai- 
leron, moreover, increases the effective dihedral and the 
damping in roll with the stick free; whereas with the 
plain aileron the negative value of dCj^/da has the Op- 
posite effect. Although the beveled ailerons would be 
expected to cause a more rapid return, of the airplane to 
a level attitade after a given displacement in roll, it 
is likely that they would magnify the effects of an asym-r 
metric vertiaal gust, relative to the plain ailerons, the 
stick being considered free in all cases. 



OONOLUSIONS 



The results of the tests of 0. ISS-'Chord ailerons on 
an NACB BSO series airfoil and the computations indicated 
that for the arrangement tested the use of beveled ailer- 
ons would reduce the high-speed stick forces to 60 per- 
cent or less of those esperienced in the use of plain 
sealed ailerons and would increase the effective dihedral 
and the damping in roll with the stick free. The use of 
small amounts of thickening and beveling of the trailing 
edge also appears feasible to supiolement the action of 
other types of balance in a final adjustment of stick 
forces. The results 'of the computations, though not di- 
rectly comparable, are in general agreement with un- 
published results of flight tests of an airolane equipped 
with beveled ailerons. The ill effects of a gap at the 
aileron nose, increased as the thickness of the beveled 
aileron was increased and as the chord of the bevel was 
decreased. 



Langley Memorial aeronautical liaboratory, 

National Advisory Committee for Aeronautics, 
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TABLE I 

ORDISrATES FOB AIRFOIL 

[Spanwise stations in inches from root section. Chord 
stations and ordinates in percent of 'basic wing chord Ci 




< ■ ■ ■ ■ ■ ■ ■ . — ■ — — — - - — e s,. 



Model wing station 0 



Station 


Upper 


surface 


0 


0 


1.25 


'^M 


2.5 




5 


6.10 


7.5 


J.lh 


10 


7.89 


15 


8,80 


20 


9.22 


25 


9.^0 




9.37 




S.90 


50 


S.02 


60 


6.85 


70 


5-44 




3.S7 


90 


2.12 


95 


l.l6 


100 


.IS 


100,73 


.03 



Ijower 
sui'face 



0 

-1.60 
-2.36 
-3 .21 
..3.S2 

„U.%3 
-5.12 

-5.71 
-6.10 

-5.2S 

-6.23 

-5.7s 

-5.05 

-i{-.10 

-2.97 
T.1,67 
-.9^ 
-,16 
-.03 



Ij,E, radius: 2.65. Slope 
of radius through end, of 
chord; 0,305 



Model wing station Sg.g 


Station 


Upper 


Lower 


surface 


surface 


0 


0 


0 


1.25 


1.S9 




2.5 


2.65^ 


-1.07 


5 


3.70 


-L26 


7.5 


4.45 


-1.^0 


10 


h.ss 


-1.52 


15 


5.54 


-1.26 


20 


5973 


-2.22 


25 


5777 


-2.46 


30 


5.71 


-2.62 


ko 


5.56 


r.2.70 


50 


4.78 


"2.56 


60 


!+.06 


-2.27 


70 


3.21 


-I.S7 


SO 


2,26 


-1.36 


90 


1.22 




95 


.70 




100 


.IS 


",iii 


101,2 


f05 


-.05 


I.E. radius; O.7O. Slope 


of radiiJS through end of 


chord; 


0,305 
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Figure 1.- Schematic diagram of test insfcaliaticn. 
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Figs. 2,3 
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^ "'^4 support strut 

Figure 2.- Semispan model of tapered wing. 






(b)Ouihoqircl end; wi chord c 



.J 

Aileron 


6q /e/ ■ 


9„ percent Ca_ 


At 
percentc 


Inboard 


Outboard 


1 


/ 


20 


ZO 


2.0 


1 








Z.o 


a 


/ 


20 


ZO 


1.0 


z 


2 


dZ6 


3S.J 


1.0 



G^pQnd were variBd during iBsis 
and are noted on figures that show 
t^si results. 



Figure ^rjhe O./SSc by 0.^06 % beve/ed at/erons 
tested on the tope red-w/r>^ mode/. 
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Fig. 6 
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Fig. 8 
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Fig. 3 
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Figs. 10,1 I 
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Fig. 12 
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Fig. 13 
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